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SUMMARY
Styrene is an environmental pollutánt, emitted in large quantities to the
atrnosphere by various industrial sectors. Legislation requires industry to reduce the
emission of styrene. One option to purify industrial waste gases is biological treatrnent
in biofilters. Compost biofilters are being used for odour abatement for over 30 years,
especially in the Netherlands and Germany. Unfortunately, the results of styrene
removal.in compost biofilters are poor, although the reason is unclear. The object of
the research described in this thesis was to develop a new and more reliable biofilter
for the treatÍnent of styrene-containing gases. Basic assumptions prior to this
investigation were: l) the use of fungi instead of bacteria may offer specific
advantages with respect to the activity and stabilify of biofilters, and 2) the use of an
inert support material instead of compost may allow for a more fundamental
investigation of processes that take place inside biofilters.
To obtain fungi with a high and stable styrene-degrading activity in biofilters,
enrichment experiments were carried out using biofilters with various inert support
materials and operated under conditions representative for industrial waste gas
treatment. In biofilters with activated carbon as support material, mainly styrene-
degrading bacteria were enriched. On the other hand, in biofilters with polyurethane
or perlite mainly styrene-degrading fungi were enriched. A decrease of the pH in the
enrichment biofilters with polyurethane and perlite was probably a decisive factor for
this difference. Ten styrene-degrading fungi were isolated: Gladocladium roseum,
Exophiala jeanselmei and eight Penicillium species. The styrene degradation rate was
highest in the biofilter with perlite and enriched with fungi. The styrene elimination
capacity of this biofilter was 62 B.m-'.h-', even after acidification to pH 2.7. This
demonstrates an important advantage of using fungi instead of bacteria: acidification
of the filter bed does not necessarily results in inhibition of microbial activiw in
biofilters.
Drying out of the filter bed is a major cause of malfunctioning of compost
biofilters. E. jeanselmei, immobilized on perlite, degrades styrene at a water activity
range of 0.91-1. E. jeanselmei may therefore be classified as a xerotolerant fungus.
However, for stable operation of biofilters with E jeanselmei growing on perlite,
regular supply of water to the filter bed is necessary, even when the relative humidity
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of the feed gas is 100%. Treatment of dry gases results in a rapid decrease of the
styrene degradation rate because of evaporation of water. However, loss of styrene
degradation activity was also observed when the residual water content of the filter
bed was still high. This is probably due to an uneven distribution of water: water
gradients may exist along the height of the filter bed as well as in single particles. The
use of xerotolerant fungi in biofilters may be advantageously when humidification of
the waste gas is inadequate for a short period. Stringent control of the water content
in the biofilter, however. remains necessary.
In contrast to the simplifying representation of the biofilm as a smooth and
homogeneous layer of active cells, the biofilm in styrene-degrading biofilters appeared
to be heterogeneous. The microbial population contained eight fungi, of which E.
jeanselmei was the major styrene-degrading species. The biofilm thickness varied
widely (70-600 prm after 265 days of operation) and the surface of the biofilm was
Íar from smooth. Deeper parts of the biofilm contained mainly dead cells, whereas
intact cells were mainly observed in the upper layers of the biofilm. After a few
months of operation of the biofilters, the surface of the biofilm became covered with
mycelium-forming fungi, especially at the outlet side of the biofilter. These fungi were
not able to grow on styrene. Extensive mycelium formation causes an increase of the
pressure drop over the filter bed, which may endanger the long-term stability of these
biofilters.
Biofilter performance can be described with the model developed by Ottengraf.
At concentrations of 0.1-2.4 g.m-t. styrene degradation was maximal at a rate of 62
g.m-t.h-'. The removal of styrene was complete at a lower styrene loading. Styrene
degradation takes place only in the upper 80 pm of the biofilm, which probably is
caused by oxygen depletion in deeper parts of the biofilm. Although styrene is
generally considered a hydrophobic compound, limitation of the degradation rate by
the diÍfusion of styrene was only observed at concentrations lower than 0.06 g.m-r.
Dutch legislat ion (NER) requires a maximal styrene concentrat ion f  0.  I  g.m r.  In this
respect no problems are to be expected from the hydrophobicity of styrene and
possible mass transfer resistance.
The initial step of styrene degradation by E. jeanselmei is oxidation of styrene
to styrene oxide. As in mammalian liver cells, this reaction is catalyzed by a
cytochrome P-450-dependent monooxygenase, present in the microsomes. Styrene
oxide is metabolized to phenylacetic acid via phenylacetaldehyde, catalyzed by a
styrene oxide isomerase and a phenylacetaldehyde hydrogenase. The same pathway
is Íbund in most styrene-degrading bacteria. E. jeanselmei subsequently hydroxylates
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